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Recent papers by Busza et al. (BJSW) and Dar et al. (DDH) argue that astrophysical data
can be used to establish small bounds on the risk of a “killer strangelet” catastrophe scenario in
forthcoming collider experiments. The case for the safety of the experiments set out by BJSW does
not rely on these bounds, but on theoretical arguments, which BJSW find sufficiently compelling to
firmly exclude any possibility of catastrophe.
However, DDH and other commentators (initially including BJSW) have suggested that these
empirical bounds alone do give sufficient reassurance. We note that this seems unsupportable when
the bounds are expressed in terms of expected cost — a good measure, according to standard risk
analysis arguments. For example, DDH’s main bound, pcatastrophe < 2× 10−8, implies only that the
expectation value of the number of deaths is bounded by 120.
We thus reappraise the DDH and BJSW risk bounds by comparing risk policy in other areas.
We find that requiring a catastrophe risk of no higher than ≈ 10−15 per year is necessary to be
consistent with established policy for risk optimisation from radiation hazards, even if highly risk
tolerant assumptions are made and no value is placed on the lives of future generations. A respectable
case can be made for requiring a bound many orders of magnitude smaller.
We conclude that the costs of small risks of catastrophe have been significantly underestimated
in the physics literature, with obvious implications for future policy. This conclusion does not affect
the aforementioned theoretical arguments against the possibility of catastrophe in the specific exper-
iments considered. It does, however, suggest more careful consideration of the degree of confidence
that can reasonably be placed in those arguments.
PACS numbers: 25.75.-q, 87.52.Px, 06.60.Wa, 01.52.+r
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I. INTRODUCTION
Speculative suggestions are occasionally made about ways in which new physics experiments could hypothetically
bring about a catastrophe leading to the end of life on Earth. The proposed catastrophe mechanisms generally rely on
speculation about hypothetical phenomena for which there is no evidence, but which at rst sight do not contradict the
known laws of physics. Such pessimistic hypotheses can sometimes be countered by arguments which show that the
existence of the catastrophe mechanism is highly improbable, either because closer analysis shows that the proposed
mechanism does in fact contradict well established physical principles, or because its existence would imply eects
which we should observe and do not.
The rst catastrophe mechanism seriously considered seems to have been the possibility, raised at Los Alamos
before the rst tests, that ssion or fusion bombs might ignite the atmosphere or oceans in an unstoppable chain
reaction. Investigation led to an analysis [1] which fairly denitively refuted the possibility.
Compton was later reported [2] as saying that he had decided not to proceed with the bomb tests if it were proved
that the chances of global catastrophe were greater than three in a million, but that in the event calculation proved
the gures slightly less. It is hard to understand how such a risk gure could possibly be calculated. The denitive
analysis of Ref. [1] gives convincing arguments based on well established physical principles, but cites no risk gures.
Others involved contradict the reported statement. [3]
Yet, so far as I know, no correction was ever made. A natural inference seems to be that Compton did indeed make
the statement reported.1 If so, although the risk gure is ctitious, Compton presumably genuinely believed that a
310−6 risk of global catastrophe was roughly at the borderline of acceptability, in the particular circumstances of the
Los Alamos project. Apparently the gure did not worry 1959 American Weekly readers greatly, since no controversy
ensued. It would be interesting to compare current opinion.
Another hypothetical catastrophe was examined some time ago by Hut and Rees. [4,5] They considered the possi-
bility that the vacuum state we live in is not the true vacuum, but merely a local minimum of the eective potential.
They asked whether, if this were the case, new generations of collider experiments could trigger a catastrophic tran-
sition to the true vacuum. They showed that the risk of this can be bounded by astronomically small numbers for
proton-proton collisions, even at energies much higher than any accelerator experiment will attain in the foreseeable
future. [4] For very heavy ion collisions, calculations are made more dicult by uncertainty over the proportion of
high energy cosmic rays which are heavy ions. Unless extrapolations from lower energy data are incorrect by many
orders of magnitude, though, the bounds are still low.2
Most recently, in response to some public concern, the possibility of some catastrophe arising from heavy ion
collision experiments at Brookhaven (RHIC) was reviewed by Busza et al. (BJSW) and Dar et al. (DDH).3 Both
groups paid most attention to the \killer strangelet" catastrophe scenario, which would arise if negatively charged
metastable strange matter existed and could be produced in the experiments. As well as giving theoretical arguments
against the hypotheses involved, both groups oer risk bounds inferred from empirical evidence. BJSW’s proposed
bounds on the probability of catastrophe during the lifetime of RHIC, derived from the survival of the Moon, range
from 10−5 to 2  10−11, depending on how conservative the assumptions made are. [7] DDH’s bounds, derived from
the observed rate of supernovae, range from 2  10−6 (their pessimistic bound for a slow catastrophe) to 2  10−8
(their main bound). [8]
Both groups originally [6,8] suggested their empirical bounds alone were adequate to show that the experiments
were safe. If correct, this conclusion would obviously be particularly welcome, since it would remove any need to
evaluate the degree of condence which should be placed in the theoretical arguments. The view that the empirical
bounds were indeed adequate was also expressed in commentaries. [9,10]
After criticism, BJSW produced a second version of their paper, now disavowing any attempt to decide what is
an acceptable upper bound on pcatastrophe. In this revised version, BJSW also accept that the arguments for their
empirically derived risk bounds could be invalidated if additional pessimistic hypotheses were correct.4 BJSW stress
1Natural, but perhaps incorrect. I find it hard to understand why Compton would not have corrected an inaccurate report,
but also hard to understand what could have led him to make the statement. Could he perhaps have been confused about
what had actually been established?
2These results are reviewed in Ref. [7].
3DDH also considered the ALICE experiments, scheduled to take place later at CERN. Their ALICE bounds will not be
considered here — DDH regard them as inadequate, and suggest further investigation.
4Further possible loopholes in those arguments are listed in Ref. [11].
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[7] that they regard the theoretical arguments alone as suciently compelling.
II. SCOPE OF THIS PAPER
This paper is meant as a contribution to the debate over RHIC. It focusses on one key question: what risk of
catastrophe could be acceptable? Other relevant questions are not considered. In particular, no attempt is made to
infer quantitative risk bounds from the qualitative theoretical arguments against the possibility of catastrophe, or to
consider BJSW’s conclusion that the theoretical arguments alone oer suciently compelling reassurance. [6,7]
A wider motivation is the hope of sharpening future policy over catastrophe risks. It is obviously unsatisfactory that
the question of what constitutes an acceptable catastrophe risk should be decided, in an ad hoc way, according to the
personal risk criteria of those who happen to be consulted | those criteria, however sincerely held and thoughtfully
constructed, may be unrepresentative of general opinion. Even if no consensus can be reached on rm guidelines, it
would be valuable to have a spectrum of carefully argued opinion in the literature. I hope that the arguments below
may spark further discussion.
III. BJSW AND DDH’S RISK BOUNDS
The hypothetical \killer strangelet" scenario requires: (i) that stable strange matter exists, (ii) that a valley
of stability exists for negatively charged strangelets, (iii) that negatively charged metastable strangelets could be
produced in the  40 TeV Au-Au ion collisions planned at RHIC, (iv) that a strangelet so produced could survive
collisions which bring it towards rest in surrounding matter, (v) that it would then fuse with nuclei, producing larger
negatively charged strangelets, in a runaway reaction which eventually consumes the Earth. There are good theoretical
arguments against (i)-(iii). [7,8] If (i)-(iii) were true, (iv) and (v) would be plausible,
If (i)-(v) were true, killer strangelets should also be produced in naturally occurring high energy heavy ion collisions,
which take place when cosmic rays collide with one another or with heavy nuclei in celestial bodies. Naturally produced
killer strangelets would be able to initiate runaway reactions capable of destroying asteroids, satellites such as the
Moon, or stars. From the fact that the Moon has survived for 5 billion years, and from the fact that our observations
are not consistent with stars being converted into strange matter at any signicant rate, bounds on the risk of
catastrophe at RHIC can be derived. [7,8]
Unfortunately, these derivations require assumptions about the types of interaction which produce strangelets, the
velocity distribution of the strangelets produced, their interactions with nuclei, and their stability. [7,8,11] For this
reason, BJSW and DDH give various bounds, derived by making more or less conservative assumptions. Even the
weakest of these requires some assumptions. [7,11]
Without knowing what level of condence we can have in the relevant assumptions | a question which neither
group properly addresses | it is dicult to say whether the bound gures are really meaningful. [11] Whether so or
not, the comments on these gures made by BJSW, DDH and others give an interesting insight into the risk criteria
of physicists and administrators involved in RHIC policy.
DDH obtain pcatastrophe < 2  10−8 for a fast catastrophic destruction of the Earth and p < 2  10−6 for a slow
destruction that would be completed in the billion years before the Sun expands beyond Earth orbit.
DDH describe these results as \a safe and stringent upper bound on the risk incurred in running [RHIC]". They
add (incorrectly) that the two bounds respectively imply that \it is safe to run RHIC for 500 million years" and that
\running the RHIC experiments for ve million years is . . . safe".5
In the rst version [6] of their paper, BJSW (incorrectly) describe DDH’s result as \a factor of 108 below the
value required for the safety of RHIC". They derive the following bounds from the survival of the Moon, given
various assumptions (Cases I-III) about strangelet production: pcatastrophe < 2  10−10, pcatastrophe < 2  10−5,
pcatastrophe < 2 10−4. They describe the second and third of these as representing \a comfortable margin of error".
These calculations are rened in the second version of the paper, producing bounds of pcatastrophe < 2  10−11,
pcatastrophe < 2  10−6, pcatastrophe < 2  10−5. In this revised version, which followed criticisms of the comments
noted above, no judgement is made as to whether any of the bounds are satisfactory. To quote BJSW: \We do not
5That these statements misrepresent their results was pointed out to DDH in January 2000.
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attempt to decide what is an acceptable upper limit on [pcatastrophe], nor do we attempt a ‘risk analysis’, weighing
the probability of an adverse event against the severity of its consequences." [7] We use the revised bounds in the
following discussion, referring to them simply as BJSW’s bounds.
DDH’s main bound | pcatastrophe < 2  10−8 over the 10 year life of RHIC | has been widely referred to in
terms which suggest that it alone would be suciently reassuring to require no further analysis or risk optimisation.
[6,8,10,9] My impression is that many numerate and thoughtful people would disagree. My own reasons for doing so
are given in sections V-VIII.
IV. RISK BOUNDS AND RISK ESTIMATES
It is important to stress that DDH’s and BJSW’s empirical arguments produce bounds on the risk of catastrophe,
not estimates of that risk.6 Their bounds are based on the fact that we do not observe something that we should
expect to observe if the risk were larger than some value p. A negative result of this form tells us nothing about the
actual value of the risk. Everything in DDH’s and BJSW’s analyses is consistent with the true risk of catastrophe
being zero; unless current theoretical understanding is incorrect, the risk is indeed precisely zero.
The trouble, of course, is that it can be hard to know how just how much condence to place in theoretical
expectations. On a question of this importance, it would be preferable (though it may not be possible) not to have to
rely on theoretical expectations alone. As Glashow and Wilson put it, [10] \The word ‘unlikely’, however many times
it is repeated, just isn’t enough to assuage our fears of this total disaster." Hence the interest in looking at naturally
occurring versions of the experiment, verifying that they have not resulted in catastrophes, and so producing rm
bounds on the risk of catastrophe.
Unfortunately, this method has its pitfalls and limitations. For one thing, comparing the eects expected from
hypothetical killer strangelets produced in naturally occurring heavy ion collisions and at RHIC is not completely
straightforward. Theoretical assumptions need to be made in order to derive risk bounds. Unless we are very condent
indeed in those assumptions, we cannot validly infer very small risk bounds this way. [11,7] And of course, Nature
may not necessarily have done versions of the experiment we are interested in often enough to produce suciently
strong risk bounds.
How do we begin to decide what constitutes a suciently strong risk bound? It seems to me that, for a disaster
of this magnitude, the correct approach in appraising risk bounds is to make worst case assumptions. So, if we are
assured that pcatastrophe  p0, and we have to decide whether that bound alone is sucient reassurance, we have to
ask whether we would be happy to proceed if we knew that pcatastrophe = p0. If not, then the bound alone is not
suciently reassuring.
Such a bound might still form part of a compelling case for the safety of an experiment if it could be combined
with other arguments. For instance, in the case of RHIC, it might be argued that a combination of the theoretical
arguments and empirical bounds is suciently reassuring, even if neither would be alone.7
I will not consider such arguments here. Nor | to reiterate | do I examine whether the theoretical arguments
alone are suciently reassuring. The discussion below considers only the narrow question of whether the empirical
bounds alone would suce.
V. RISK VERSUS EXPECTATION
The destruction of the Earth would entail the death of the  6  109 human population and of all other species,
the loss of the historical record of the evolution of its biosphere, and the loss of (almost) all record of the culture
developed by humanity. Added to these are the opportunity costs arising from the absence of future generations.
Consider for the moment just the number of human deaths. If an experiment is expected to cause one human death,
its health and safety implications cannot be said to be negligible. The expected number of human deaths ensuing
6In distinction to Compton’s reported statement, which is a risk estimate.
7Arguments along these lines have been suggested in informal discussions, but to the best of my knowledge none has been set
out in print. Such an argument would need to be made very carefully, since the theoretical arguments and empirical bounds are
not independent. As already noted, the empirical bounds still rely on theoretical assumptions, and if theoretical expectations
were incorrect, the derivation of the empirical bounds might also be affected.
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from a catastrophe is Ed = pcatastropheN , where N = 6 109 is the current human population. So, if we accept Ed as
an appropriate measure, any risk that does not satisfy
pcatastrophe  1.6 10−10 (1)
is not negligible.
Of the bounds above, neither of DDH’s ensure that (1) is satised, nor do the second and third of BJSW’s. BJSW’s
least conservative lunar survival bound (Case I) comes closer, but still fails.
Making the comparison in terms of expectations, DDH’s main (tighter) bound implies that the expected number
of human fatalities caused by RHIC over ten years will not exceed 120. Put this way, DDH’s bounds seem far from
adequately reassuring.
VI. IS THE EXPECTED NUMBER OF FATALITIES RELEVANT?
It might perhaps be argued that the preceding calculation is misleading. After all, DDH’s bounds on pcatastrophe
represent probabilities small enough to be negligible in most circumstances. Most of us take 2 10−8 risks of death
in our stride. Translating the bound value into Ed, the expected number of fatalities, makes it seem signicant. But
is it reasonable to use expected fatalities as a measure of the safety of a risk bound?
Actually, the next section argues that considering Ed alone still greatly underestimates the cost. But rst let us
consider whether requiring Ed < 1 gives a sensible upper bound on acceptable risk, assuming that it is agreed that
the certainty of causing one death would be unacceptable. I believe most expert opinion would agree that the answer
is yes, for the following reasons.
First, everyone agrees that in carrying out any risk analysis we need the cost or utility of the various outcomes, not
merely their probability: a 10−3 chance of losing one dollar is better than a 10−3 chance of losing one million dollars,
and so on. Second, a fundamental principle of risk analysis is that in normal circumstances rational people are risk
averse. If X represents a random process whose possible outcomes xi have probabilities pi, and if V (xi) represents
the value to the community of outcome xi, then the value V (X) of a single run of X | that is, the value of allowing




piV (xi) . (2)
The values of undesirable outcomes, of course, are negative: we refer to −V (xi) as the cost of xi. The principle of risk
aversion explains, for example, why it can often be rational to take out insurance, even though the odds favour the
insurance company, and why investors almost universally require higher risk investments to carry a higher expected
prot. It implies that a 2  10−8 chance of killing 6  109 people is at least as bad as the certainty of killing 120
people. More generally, upper bounds on acceptable risk can be derived by asking whether the certainty of killing Ed
people would be acceptable.
So, to demonstrate that the risk is negligible, we would need to show that Ed is considerably smaller than one |
precisely how much smaller depending on precisely how risk averse one is when it comes to global catastrophe. Neither
DDH’s nor BJSW’s bounds satisfy this criterion. To speak of the bounds being \safe and stringent" or guaranteeing
\comfortable margins of error" is, on this analysis, simply incorrect.
VII. COMPARISON WITH EXISTING RISK POLICIES
DDH’s and BJSW’s risk bounds have been presented and discussed, by DDH, [8] BJSW, [6] in a statement by John
Marburger, Director of Brookhaven, [9] and in a commentary by Glashow and Wilson. [10] No comparison is made in
these discussions to risk criteria or optimisation procedures applied to other potentially hazardous activities. This is
unfortunate, since risk comparisons are generally illuminating, and in this case suggest that regarding the risk bounds
per se as adequate would be wildly inconsistent with established policy.
For example, the UK National Radiological Protection Board requires that the risk of serious deleterious health
eects arising from a nuclear solid waste disposal facility must always be bounded at below 10−5 per year, that risk
optimisation procedures should be continued until the risk is below 10−6 per year, and that the risk of low probability
natural events which could lead to serious deterministic health eects should be separately bounded at 10−6 per
year. [12] The risk gures apply to the critical group of individuals, typically numbering between a few and a few
5
hundred, whose habits or location render them most at risk. Quite typically, the events whose risk is bounded would
be expected to kill < 10 people.
In summary, according to established policy for these radiation hazards, it is not acceptable to incur a risk of greater
than 10−6 per year of killing  5 people. The risk aversion arguments of the last section suggest that a consistent
policy on catastrophe risk should treat a risk greater than 10−15 per year of killing the global population as even less
acceptable. An acceptable risk bound should thus imply
pcatastrophe  10−15 per year . (3)
VIII. FUTURE LIVES
The discussion so far has considered only the expected cost due to immediate human fatalities, neglecting the other
costs mentioned earlier. These are very hard to quantify in any commensurable way. (What is the value of the rest of
the biosphere compared to that of the human population? What price do we put on the historical record?) However,
it is, at least arguably, possible to assign a sensible and commensurable value to one of these further costs | the loss
of future generations | by estimating the number of future human lives which would not take place if the planet
were destroyed in the near future.
This line of argument cannot be followed without addressing two rather complex questions: Should we value our
descendants’ lives as highly as our own? And can we say anything meaningful about the likely fate of humanity over
the billion years of life the Earth has left (or beyond)?
To the rst, my own answer is \yes", partly because I cannot see any good reason to prefer an unknown contemporary
to an unknown descendant, and partly because it seems to me our lives have value in the rst place largely because
they form part of ongoing human history. This view nds some support in established policy: the UK National
Radiological Protection Board guidlines cited above also explicitly state that those living at any time in the future
should be given a level of protection at least equivalent to that given to those alive now.
As for futurology, there are obviously so many unknowns that attempting detailed analysis seems pointless. I oer
only a crude calculation, which is obviously open to criticism.
Suppose that humanity has a reasonable chance of surviving (in some form) for the lifetime of the Earth. Suppose
also that there is a reasonable chance of arranging things so that the sum global quality of life is at least at the level
of today, and the global population is roughly today’s: 1010 in round gures. And suppose we neglect the possibility
that the human lifespan may increase beyond 102, on the grounds that it is arguably irrelevant, since one 700-year life
could arguably be equated to 7 100-year lives. Let us, conservatively, neglect the possibilities that migration may (i)
allow the human population to vastly increase over the next billion years and (ii) permit humanity to survive beyond
a billion years.
The cost of the destruction of the Earth today would then be roughly 101010−2109 = 1017 lives, or 107 greater than
the cost earlier calculated. Including this factor in the earlier calculations would mean that an acceptable risk bound
should imply
pcatastrophe  10−22 per year . (4)
This further proposed tightening of risk bounds is no doubt controversial. Regarding the loss of future lives as a
separate cost raises the question: a cost to whom? To those potential future generations, deprived of the possibility of
existence? To us, deprived of descendants and successors? Both, I think | but I concede that both lines of thought
raise some diculties.
Another way of approaching the question is to ask a dierent hypothetical question: would it be far worse if all
of us (or all life on Earth) were killed than if almost all of us (or almost all life on Earth) were, supposing that in
the second case the planet remained otherwise t for life? Answering \yes" suggests placing a high relative value on
future lives, since the number of immediate fatalities is almost the same in both cases. Those who answer \no" will
probably not nd any of the arguments of this section convincing. My impression is that, the question not having
been seriously debated, it is impossible to say which view (if either) reflects general opinion. For the moment, then,
whichever view one holds on future lives, it is worth bearing in mind that the majority view, on which catastrophe
risk policy should properly be based, may turn out to dier.
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IX. SOME COUNTERARGUMENTS
Calculations and comparisons are indispensable in rationalising risk policy and in highlighting inconsistencies.
However, there is no generally agreed set of principles from which we can decide policy in every instance. Politics do
not form a subset of mathematics. The above arguments could well be opposed on many dierent grounds. In this
concluding section, I consider some counterarguments which have been suggested to me in discussions.
 One obvious criticism is that the arguments above consider the cost of a catastrophe risk but not the benets
gained by taking the risk. For that reason, it may be argued, they are bound to produce over-cautious prescrip-
tions. After all, no risk at all is worth taking unless there is some benet. Without a cost-benet analysis, no
sensible conclusion can be reached.
This is partially fair criticism, but only partially. It should be stressed that it does not apply to the argument
of section V, since using the number of deaths as a measure of safety is justied by comparing the implicit
cost-benet tradeos in conclusions that would be generally agreed. It seems to me pretty uncontroversial that,
despite the benets of RHIC, the experiment would not be allowed to proceed if it were certain (say, because
of some radiation hazard) to cause precisely 120 deaths among the population at large. If that is accepted, it
follows that a risk at the DDH bound value would be unacceptably high, even when the benets of RHIC were
taken into account.
That said, some forms of cost-benet analysis might indeed suggest that requiring pcatastrophe  10−15 per year
or lower may be over-stringent. It is important to be clear, though, that any such argument would not justify
claiming that the risks were negligible. Rather, it would make the case for proceeding with RHIC by suggesting
that the risks, though possibly signicant, were justied by the benets. This is not the case which has been
made. Such a case might or might not be widely accepted.
 It may be argued that the more stringent risk criteria suggested above for global catastrophe, even if rationally
justiable in theory, are impossibly Utopian. If we took them seriously, and attempted to ensured that they
were satised before proceeding with any enterprise, we would stop, not only collider experiments, but many
other human activities. Progress would become impossible; life might be made unliveable.
Maybe | but I would be cautious about accepting this sort of defeatism too readily. After all, risk bounds of
10−6 are routinely used, for instance in the solid nuclear waste disposal guidelines cited above. Commercially
available magnetic storage media have error rates below 10−15. I nd it hard to believe that the world would
grind to a halt if we required bounds of this order on catastrophe risks associated to specic mechanisms.
But this is just to oer speculative scepticism in the face of speculative assertion. We should not rely on either. If
it were to become clear that it would be eectively impossible to apply a policy on catastrophe risks consistently,
obviously that policy would need to be reconsidered. Unless and until carefully justied arguments are made,
identifying specic examples of problematic catastrophe risks, it seems premature to worry.
 The justications given above for risk criteria may strike some as a bad policy guide, since they assume that
preserving human lives is in some sense a primary value against which our actions should be judged. Actually,
of course, we are guided by many other values. Few people consistently act so as to maximise their own life
expectation, for example: many risky pleasures are widely indulged in. Perhaps we should accept that what
applies to us as individuals applies also to us as a species: worrying about very small risks detracts too much
from the quality of our existence to be the best course.
This is certainly arguable. On the other hand, current risk policy tends to count the cost in human lives for a
good reason: because that particular value seems to be more widely shared and more strongly held than most.
It cannot possibly adequately represent the variety of individual values we bring to any policy debate, but it is
a measure which, by general consensus, is very important. Making a generally acceptable policy for extinction
risks on some other basis would require establishing a fairly rm consensus on what that basis should be. No
such consensus seems to exist at the moment.
 There is what might be termed the argument of dominant risk. We face many other extinction risks, some
natural (large asteroid impact), some wholly or partly self-created (nuclear war, catastrophic extinction of
species, catastrophic climate change). There is a view which suggests that a new articial risk is acceptable if it
is smaller than existing risks. A renement of this view is that a new articial risk is acceptable only if smaller
than presently unavoidable natural risks. In two further common variants of these two views, \smaller than" is
replaced by \very small compared to".
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Large asteroid impact seems to be the greatest known natural extinction risk that can be reasonably well
estimated. The risk of the Earth being hit by an asteroid of diameter 10 km is estimated to be 10−8 per year.
[13] Such an impact would be devastating, so much so that it is generally thought very likely that it would cause
mass extinctions of species, and very plausible that we would be among the species extinguished. Accepting
that last hypothesis, perhaps at the price of another order of magnitude, gives an estimate of 10−8-10−9 per
year for this natural extinction risk. Following the argument of dominant risk leads to the so-called \asteroid
test", according to which an articial extinction risk is acceptable if smaller than  10−9 per year, or in the
more conservative version, very small compared to 10−9 per year.8
My impression from discussions is that many people nd the argument of dominant risk, in one form or another,
very plausible, but equally that that many people nd it entirely irrational. My sympathies are with the latter.
Why should the existence of one risk, which may be distressingly high, justify taking another easily avoidable
risk, which, even if much lower, may still be unacceptably high? Unavoidable risks are not normally believed
to justify lesser avoidable ones. In auent countries, the chance of an adult over the age of 60 dying through
natural causes is greater than 0.01 per year: an industry which increased that chance, for everyone in the elderly
population, by a factor of 1%, would not nd much sympathy for the argument that these extra deaths were
more or less lost in the noise.
A further problem with the asteroid test is that it assumes that asteroid extinction risks are either unavoidable or
else, though avoidable in principle, small enough to be tolerable. In fact, the asteroid threat is not unavoidable
with foreseeable technology, and passive and active counter-measures are being seriously considered.
That said, let me reiterate that many people seem to be persuaded by some version of the argument of dominant
risk. It no doubt deserves a more careful discussion than is given here. The above brief sketch of a counterar-
gument is not meant to dismiss the \asteroid test" and related criteria out of hand, but rather just to note that
there are serious counterarguments. I do not believe these criteria represent anything approaching a consensus
view. Unless and until it becomes clear that they do, they cannot legitimately be used to justify catastrophe
risks.
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